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© Nucleic acid extraction method. 

© Nucleic acids are extracted from biological samples by pretreating the samples to r ^ eas f "^^^^'i!^ 
«d contaminating materials into an aqueous phase. Optional.y. the samples may be «^^^^ 
detergent in an organic solvent prior to release of the nucleic acids. The aqueous phase ,s then combined wrth 
Sfo gan c phase fn the presence of a cationic detergent capable of forming water insoluble complexes , . the 
nude' acids. Usually, a chelant will aiso be combined with the aqueous phase The complexes are P^T^ 
partitioned into the organic phase and are thus separated from the contaminate matenals vvrch« the 
aqueous phase. The nucleic acids may then be transferred back to a second aqueous phase by comb n « g the 
organic phase with water in the presence of an inorganic salt selected to d.splace the detergent cattKuAftor 

^separa'ion of the organic phase, the second aqueous phase containing the nucle.c ac-ds may be used for 

^conventional hybridization testing. 
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NUCLEIC ACID EXTRACTION METHOD 

BACKGROUND OF THE INVENTION 



• Fieid of the Invention 



« numerous difficulties arise (n the performance ol suoh assaT «**>**<*.. In prao,,oe. of course. 

2. Description of the Background Art 
30 — ~ 

jess j^is^^'frssLsrr a ?— r ,schniqua * ■— * 
.^-^ 

40 

SUMMARY OF THE INVENTION 

subsequent to the addition of the cationic deteraeT .n L !L t u P s.multaneously with or 

so phosphonium sis. ^ ^^^tZT^T^Tr 7™°°™ ""*■ 

™*rs-i - ~rT:2iit as ssr * - ani °* - 
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„ ■„„ *h. nurleic acids to partition into the second aqueous phase. 

'"^od^ 

, nucleic acids irom the bio.ogica. samples materi a,s are initially present. Addition- 

feces and sputum where large amounts of POtenttaHy co « ft does not require the use of 

iy, the method is non-hazardous to '^action pTotoco. is simple and rapid. It may be 

toxic or otherwise dangerous T^^*J£,£^ without the need to precipitate the nucle.c 
performed with as few as two m.x,ng and two ■JJJ^i m ay be performed in some cases). 
ro acids and separate by conjugation fT^^^^6 in a suitable buffer and predated with 
,n the preferred embodiment, b,o JTO*. « susp ^ ^ ^ membrane r 

a detergent and enzyme (such as a lysozyme ce ^^J^ residue of potentially contam.nat.ng 
coat of the pathogen and release nucleic «*. '^ ^^ nucleic acids) . The pretreated sample .s 
substances (which are usually * t ° s °«"™ C ^ * sdI in an organic phase, typically an alcohol or 
, 5 optionally mixed with an anionic as ^ ca , onic contamina nt S . The aqueous phase is 

alcohol/alkane mixture, in order to remove rot rj^J^ the cat ionic detergent which combines with 
then separated and combined with an organ, ^J^^"^^ in wat er but soluble in the organic 
the nucleic acids to form complexes .which are b ^stent.a. y ins ^ 
phase. A che.ant, such as WI . -r^e^nuclei^acici-clotergent complex preferentially passes to the 

20 acids and any endogenous divalent c ^%^^ZXTaJo,s phase leaving the non-nucle.c acid 
organic phase, and the organ.c phase is separated fro ™ ™ trans ferred back to a second aqueous 
Residue I the first aqueous phase. The nucte.c an inorgan ic salt which displaces 

phase by combination with the second ^^^^ acid com plex to dissociate. A nucle.c ac.d 
the charged detergent and thus causes the **J^™S^h.. Ph- in a conventional manner. The 

25 srsras r: u b ch cess - « — - — methods had 

been employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 ■ 

R9 , . a device and n,e,nod ,o, penen.ing nudeic add e— according » M presen, 

„ tor performing nucleic acid extractions according ,o ft. present — 

with continuous separation. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

Methods are provided for exacting n^c acids from co Jj^ 

specific nucleic acid of a chelant ' * * T% 

the nucleic acids with a cafon.c detergent. """J^J^y. in low sa it aqueous solutions and will 
45 The resulting nucleic acid ^^^^T^Zv ail of the non-nucleic acid residue of the 
partition into an admixed organ.c phase, leaving subs a y from the organ.c 

. hsr*sr^ - - nuc,8ic ac,as ln ,he S6COTd aqu80U5 

Phase. , . . „ Ho uirtliallv anv tvP e of specimen which may contain m.croor- 

The biological samp.es of interest ^l^lcZe ^ samples, blood, plasma, serum, urine 
ganisms of interest. Exemplary b.olog cal samples mcujae ^ h vira , and 

Sputum, semen, tissue samples. .jbJJ and tte like Altho P^ ^ ^ ^ u 

S5 bacterial microorganisms present .in a sample^ the JJW ^ § cel(u|ar sample of tne host . The 
detecting endogenous nucle.c acids m a os d ending on whet her endogenous or exogenous 
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and the lite; bacteria, euch as Sa/nW ?"* 25 Roa ^ 

« spp. (S. dysenteriae S. Ilexneri. S. boydll S tonZ Z\ r T*' * <"">"»">' A etc.). Shigella 
Wtoro, Clostridium Mttcile. atet^SilS^" spp - « **»'• « «* C 
a/6,cans. end the like; and protoaoana, each as S S *" like ' ""^ such M 

spp.. and me like. e/a "* 8 fnlamoeSa hlstolyticeMlcrosporldium 

Respiratory Syncytia, Wrus , H " uman ^.ZS SanTf* "' m ^ «* - 

Ptojophc Viruses. Cytornegalo™, H^SaT^ H 'T "£? Huron T-Cel, Lym- 
audi aa Stmptococcus pyrogenes (GroepTbeta ffe^v , P e '"" Ba,r «> *» *e: bacteria 
'= Aferasena meningitidis. Neisseria gonorrhoea , Cht^t 7 f °"">°™e. Pseudomonas aeruginosa^ 

^PPri^aspp. .=nd«» lto:md . pn 4 M1 ^^^^«»^^ Splroehaetalee. such aa 
The biological aampte will initially be pretreatS h I and *» like - 

25 about 5 to 9. in order to release both t^T 1 aqueoua phaae, typically a buffer at a nH t™, 

Conventenhy. samplee n^TZ^JSl.'S^T 7**° "** ,0C "^ b5TS£ 'J?^ 

a*, proteases such as proteinase K arenas,, ,£,1™ t0 50 m9/ml ' or " i,h Proteolytic enaymea 

. ,„ add„io„:s sssisti ?rrs£ a ,;r 9 * ,ars ~ - ^ 

Extraction of the nucleic acids k tha„ _* 
like, to the aqueoua pretreetment or pi^extacBonT^- ST 8 0X ' dM - PV rid| niero-derivatives and the 
S^d^^^^^ 
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complexes (Hid. are substernal* ^uWein °" ^ addition ' , 0 me pretreatment medium. After 

organic phase as described ir . more ^^^-^^ or multivalent endogenous cations will be 
Usually, a chelant capable of " J™ binding betwee n the endogenous cations and 

present in the extraction med.um. The chelant win .nn.D.i y ^ catjonjc detergent 

, ^anionic nucleic acids. Such binding J^^^^L include' ethy.enediaminetetraacetic 
and inhibits subsequent extract.cn of the nucle *J™\*^ C acid (EGTA ), B-hydroxy-2-methylquinolme, 
acid (EDTA) ethylene glycol ^.^'"^^fj^^. Salicylate, and the like, usually being 

SSWSSM — — * bei - present at from about 

5 °-° 1 ^«c detergents include ^J^— SISSS^S 
substantially less soluble in water. ™* 

acids to form a complex wh ,c . w.ll pre eren ^ quaternary p n0 s P hon,um 

, 0 — and tertiary amines may a,so 

' ^ ^:«T^^ SSSt m salts w, generally have the following formula: 



R 2 
I 

Rl - Y© - R 4 
I 

R3 



.herein Y is » or P, and R is aKphatic. ^^^^^^^^ 
usually being an alky, or alkeny. W^!^^ or aromatic, usually being alky., alkenyl. or 
or more. R 2 . R,. and R* are hydrogen, al.pha c. ateyckc. alkoxyo ^ 
aryl. having 9 or fewer carbons, more bromide, chloride, or acetate, 

propyl, or phenyl. X is a halogen or oh*^ ce yltrimethyl ammonium bromide, cetyltrimethy. am- 
Exemplary quaternary ammon.um salts include c ^« r,me ^ |dimetnylhexade cylammonium brom.de. 
monium chloride. cetyldimethy.ethy« trime thy.tallow ammonium bro- 

' ;sr include tetrapheny ' phosphonium brom 

tetrabutyl phosphonium chloride, and the like. 
Amine oxides will generally have the formula: 



R2 
I 

Rl - n© - 0© 
I 

R3 



tw.nn at least about 6 carbons, usually having at least about 
wherein R, is aliphatic, alicyc.ic. or ^f^^^ T^S carbons. R 2 and R 3 are hydrogen. 
10 carbons, and preferably having «i the rang efrom ^2 to ^ ^ g more 

aliphatic, alicyclic. alkoxy or aromatic, usually being alkyi or amo y 
usually having fewer than 6 carbons. 
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JtSSSST ^ '" C "* de «*"•»*"—»» o«e. b^bydro^thyl, alo> , am|ne 

N® .^ n *"™-'VP 9 canonic detergents „,„ generally nave me fo;|0>ying 

5 ^CWS;^,*.-- • — — , a, leas, about 

polar organic solvent, more usually beino an JroTof , descnbed above. The solvent will usually be a 
monohydric aliphatic al coho,s having So^ula S [ Ich^T Suitabte 
ethane,.. propanoli butano| . hwaS^SSS S££ •' ^ " = 1 t0 20 ' inc,udin 9 mettw? 

MM. »,s l-butanol. Suitab.e alcohol/all^e SSlT and the ,ike " Ocularly 

« alkane hav,ng the formula CH 3 {CH 2 ) n C H 3 where n - s to on , ^ ' iSted a,coho,s combined with an 
nonane, isomers thereof, and the Ske The ££t ratio 2 . T "f " 9 Pentane ' hexane ' he P la "«- octane 

^ SP^^ *- « aqueous phase containing .e 

m order to effect the initial separation of th S Sfds^^ 88 ' 6 ^ COncentrati °" * «he detergent 
detergent in the organic phase will usually L in he ™- f 1 PhaSe ' : T he eventration of the 
Ml ID 0.1M. The relative amounts of the JJC^ J2^T °^V° ^ bein 9 «*« 

usually being in the range from about 1:3 to ^•^■^J* 08 ?' 0 Ph3Se not specially critical. 
be,ng , n about equal proportions by volume The caS ff 560 ' 93 ™ phase ^ volume), more usually 

- Phase initially, or may be added to L combined aqull ^ 53,1 disso,ved in *• organic 

organ,c phases will then be mixed. typSy b sr^nT t^ 3 ™ PhaSSS - ^ com bined aqueous and 
po.yan.onic nucleic acids. After mixing X^V^h^.tT* detergent cations ^ the 
suspension is allowed to separate, typically for a e L °m I 3 ° SeC0 " dS t0 5 minutes . •» resulting 

acetate, ammonium chloride, ammonium acetate amnZf'J ? °" ae ' ma 9"«i<«" chloride, sodium 
aqueous phase o, may be added thereto. SSSS f ° r " press ™ «» ^d 

to , M. more usually being in the ra„ 9 e Imm ^u, 0 T^M ^T" T "* ^ "° m 

= d. « . aoueoes phase can be usT^So U=£« 

aecrzeor^r ~r-- iust — - — - 

manner just described. The procj™^ ™ ™* * re,ntroduced ■"*» a third aqueous phase in the 
levelof purity of the nucleic acids. * M many times « Pessary to achieve a desir ed 

and H,ggens. Nucleic Add Hybridisation: A PrJ^TZTrol^T """"" tr ^ SeS ' Such 38 "ames 
An extraction devEel o tor nerf^^J-^^ ^ proacn - ,RL Pres s (1985). 

— «*— * »ll^Tr™.T SSS ?*:^ C 3dds *• *e resent invenaon 

by a generally horizontal connecter te ^h. • ? • 0 mdu <'« • Pair ot vertical tubes 12 and ia p ni „.H 

a silane dissolved In ao ^^uZ™^™ **• 10 « ~c "b^JfS 

— — by »e hodaoo. ^rj^^ -^^^^ 
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diameter in the range from about 0.5 to 2 cm and a heigh, in .no range from abou, *» 10 cm generally 
One .0 ten m,ll«r of a dented aqueous ys JP^P ^ ^ ^ ^ , ^ )Q m , „ 

^ " Zlm Tde T^i e 2 d d, organic sdivent containing 0.00, to 0.5M o. the cationic 
placed in me right tube 1 4. " » , d wnB lhe organte phase . the organic 

detergent is then overlaid so that the return tube ^ »*« m|nute simultane<)usly „ me 

phase is pumped from the upper end of ube M! at * « a . P ^ ^ 

,o»er levels of both adueous phases a .dented o d ^ „ wlth epuilibrium 
Z =b P e^ — * complete, «. high «K solution may be 

te^ets^^^^* - ,m ~ sepa,a,ion 28 " 
nnr,r,;i^^ 

£. irrnudLTcldl ^VZZSZ* • « agueous phase. The eouedus phase may then be 



EXPERIMENTAL 



Example 1 



mmmmmm 

ZS&TJSST, *m superneten, was carefully decanted and th. pelte, 

phase. 
Example 2 

Sambas Example 1 except that 0.1% CTAB was used instead of 0.2% SDS. DNA recovery of 70% was 
observed in the organic phase. 

) 

Example 3 

<* am « as Examole 1 except that 0.1% CTAB was used instead of 0.2% SDS. and. prior to the organic 
. extract, addS to the aqueous phase to br,ng the final concentration to that observed ,n the 

organic phase. DNA recovery of 80% was observed in the organic phase. 
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Example 4 

rc^^m.^ 10 ™ EDTA P H 8.0. 25 mM Tris- 

5 ir 6 ^: 6 f ° r 15 minutes ' - then waT ^ to L% SDsTd i ^ « ro0m 

After mcubation for 1 hour at room temperature i was ce"ntrLn«H ^nnn 9 Pr ° temaS9 K """^tion. 

clarify the solution. The supernatant was removed ^T^f °° X 9 ™ E PP end °<f centrifuge to 
10% SDS were added to the CaS Son A^er m^nHnT bUtano ' and °' 5 vo'me 

rs Example 5 



25 Example 6 

so 

cenW ^ afc M5mi„ : 2000 xg). The oraan c^T™, J >, ' ^ pha5es " e ' e »P«Wed by 
- men be extracted int0 . M M 9 > a0 , ^JZT^cZT" " " ^ "* -* 

Example 7 

separation by cantrlfugabon (5 m*; 200 S » gf Thf „ul,c "2? ^ """'^ b V (Mx) and 

1 volume IM sodium acetate win, a 60% yield " 6ra e * , ' acte ' i from ,ne «»■*= phase by 

^ DNA can be exacted from dineren, biologioa, samplee * an unopbmiaed yield aa sho„n in Table ,. 

TABLE 1 



I CTABExtracton of Nucleic Acids from Rhm^^. " 


o ample 


Method 


Unoptimized % Yield 
in Organic Phase 


Blood 
Urine 
Urine 
Serum 
M16 RNA 

16S, 23S RNA (E. coli) 


Example 4 
Example 4 
Example 7 
Example 4 
Example 5 
Example 5 


40-50 
45-60 
60 
45-70 
70 
65 



Example 8 
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A 4 m, clawed aqueous iysate (CTAB "^^^ ^CtTb Sy^ « £ 
siliconized test tube and 1 volume of hexanol/octene C -9) con*" "Q30 ^ rf ^ 

aqueous lysate. The top organic phase was P"*^ " organic phase. The organic phase 

described in reference to Fig. 2. He crrihed in some detail by way of illustration and example 

practiced within the scope of the appended cla.ms. 



Claims 

, a method .or extracting nucleic acids from a complex biological sample prior to performing a 
rraC-f^P^SaleTS'S.da and e0n.amina.n3 materia, therefrom into a M aoueous 

phafe leaving the contaminating materials in the .rat aqueous phase; 

separating the organio phase InCudinsr the "J a f= a ^ ; ™ eous phlse ,„ me presence of a preselected 
hybridization assay, said method comprising: 

, *T»ICS^ -* - ids - conBminatln9 ma,er ' a ' s ,hero,rom in, ° a r "' 

aqueous phase; oraanic liauid in the presence of a chelant and a 

(b) combining the first aqueous phmwdh an organ P ammonium saltSi the group 

preselected concentration of a cat,on.c <^^ 8 ^ u HXfives whereby the nucleic acids form 

. ^^^^^^^^ — — ^ " 
in the first aqueous phase; and jn thQ resence 0 f a preselected 

=^=^3=^-===- 

- 3 A method ,0, extracting nucleic aoids from a oomplex Piologioa, aamp,e prior .0 par.orm.ng a 
hybridization assay, said method comprising: 

^^CTJS52-» and contaminating materials therefrom Into a M 
45 aqueous phase; nmanic liauid in the presence of a chelant and a 

detergent and pass into the organic liquid; 

xrr^resr'r rr:srrrng — , — - - 

""""w separaung me r^"^^.:^ an inorganic sa, whereby 
55 ^.^SSSS^SS^^ ^ «- «~ acids enter the second aoueous P*ase and 
are available for hybridization testing. 
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the sa^pie to re ,ease nuctel , adds Md mffleriais ^ a te ^ 

contam.nating materials in the first aqueous phase- preci P ,tate leav 'n9 a substantial portion of the 

>o combining the organic phase with a^second P f "* " phaM ' *"< 

o. an inorgaoic si,. «JS£*SW£S^ ~»— " 

Phase end era evailable for hybridization , tesfeo " ' he nud8 ' c *°* *» second aqueous 

5. A method as in claims 1 2 3 or a 
group consisting of blood, plasma, serum urinrs e DTJ h L C a 0 n mPleX ( - bi0,09iCa ' Sample is se,ected from the 

seJ^rt^prs^ - *, microorganism is 

Humen ^Immunodeficiency Vims. Human T-CellLyTrih^l.SrT? V '™' Human ^""virus. 
V,rus, Epstein-Barr Virus, Sfreproooccus ^mSSSraS^a^ft Cytome 9 al «^ HepaKis A end B 
« as pftevmod/ae. Hae/rtopd/te „fcS^£Xi "° Wc 

^r=^^^^ 

- from the group consist J^^^SSZT?' ^ "» n*™*— > is selected 
Lyumphobophic Virusee. 2T£S£ZZ£ZEtt. /V"" * ™ 

- ~ae. ^dd mo „as ae^osa <WS^!E~!!* ~~ 

10. A method as in claims 1 2 3 nr a 
combination with a detergent. ' th6 Sampie is Pleated by addition of an enzyme in 

mixture. ^ ^ ^ «*" * * » * — - - organic pflase is an a(coho| „ 

is JLlXe " ^ **" 1 °' Wherei " *° a ' COh0 ' h - ^ formu,a CH 3 (CH 2 ) n OH. where n = t to 20 or 

taliowammonium chloride. *££$2ZZ^ chtartd.. tSSJ 

tetrabutylphosphonium chloride. ™ m bro ™de. tetraphenylphosphonium bromide, and 

the gfoup - an amine oxide selected from 

16. A method as in claims 1. 2. 3 or 4 wi e r e inlL 6,3 2 - hydrox y eth y'> tallowamine oxide, 
selected from the group consisting of SJLJSE, '^^ST" 0 deterQent h 3 P^inium-denvative 
pyndinium chloride. 9 cetylpyr.dm.um brom.de. cetylpyridinium chloride, and lauryl- 

17. A method as in claims 1 2 1 nr a h 

at % c n e Sd n ^ the from ^ o '°^ o h 5M cationic detergent is present in the a ^ eo - 

^1^2: chlori^mVnSm Talcium 1"?" ^ 

chlonde^ammonjurn acetate, and ammonium sulfate. Ch, ° nde ' S ° dium acetate - ammonium 

concenJZ^Xe^etl'lCoZ ~* " ^ h S6COnd ■*■« »«• at a 
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• la ms 1 2 3 or 4 wherein the sample is .extracted with a chelant in an organic 
TS aS^'-TT-SS. the predated nucleic add-delergen, coaxes are separated 

- — ■ "° m ,he mto ° or9an,sms into a 

first aqueous phase; h presenC8 0 f a preselected concentration of 

, 5 1" ^ 9nter ^ 0r93niC ^ leaVm9 

contaminating materials substantial.y in the first aqueous phase; 

separating the organic phase; hase ,„ the preS ence of a preselected 

z^tt£&zrzz «rsu!- — - - « «■* — — - 
20 ssess-s. ««* - id probe 916 second aqueous phase under hyb,idlza " on 

^^.^^^"Sl sample ls se ,ec«ed .rem me group 
25. A method as in claim 24. sal . "semen, tissue, and fecal samples. 

Entamoeba /i/sfo/yt/ca. and Microsporidium »PP- or lavage and the microorganism 

30 27. A method as in claim 23. wherein the b.olog ca I sample* »«P p tomavifU8f 

is selected from the group consisting ^J^^^^ZZ. Cytomegalovirus, Hepatitis A and B 
Human Immunodeficiency Virus. Human T-Ce 1 JjJ^^ A beta^J^ytlc streptococci). Strepfococ- 

tan me group consist*; , ol Mtaj- ^T**^ ^» ~a pne^'ae. ^.ccoc- 

SOn S. A method as tn otatm 24. herein me sample Is preheated by addition o. an enzyme in combination 
with a detergent. , . alcohol or alcohoi/alkane mixture. 

18 "32 A™ amo'd as in claim 30. wherein the a, k ane has me .ormui. OH a ,CH.,„OH.. «he,e n - S to 20. or 
is an isomer thereof. „ a , in nir deteraent is a quaternary ammonium or phosphonium 

50 33. A method as in Cairn 24. where.n J^^^l brom ide. cety.trimethyl ammonium 
salt selected from the group consisting °^™J m ^ ylethy , ammonium ch.oride. cety.pyridin.um 
chloride, cetyldimethylethy. «ninonium bromrfa. ^^J^ y y trirnethytta „ ow ammonium brom.de. 
bromide, cetylpyrldinium chlor.de • tnmethyltallow ™™™™ tetraphenyl phoS ph 0 nium bromide, 

and the like. Exemplary phosphon.um ammonium salts 

SS tetraphenyl phosphonium chloride, and the «*• t is an amine oxide selected from the group 

34. A method as in cla.m 24, where.n the cat.onic d eterge ^ tallovv amine oxide, 

consisting of bis(2-hydroxyethyl) cocoam.ne ox.de and b.s(2 hydroxyetny > 
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» T^ZtL™ 9 *, ^ " b ° Ut °-° 01M to ^ Pr6Sent firSt aqU60US > hase ^ a 

con^on j, a che,am. "" ,erem *■ •>»«- P"ase is combinea „,.„, . 



20 



35 



40 



SO 



55 
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© Nucleic acid extraction method. 

© Nucleic acids are extracted from biological sam- 
ples by pretreating the samples to release the nu- 
cleic acids and contaminating materials into an 
aqueous phase. Optionally, the samples may be 
extracted with an anionic detergent in an organic 
solvent prior to release of the nucleic acids. The 
aqueous phase is then combined with an organic 
phase in the presence of a cationic detergent ca- 
pable of forming water insoluble complexes with the 
nucleic acids. Usually, a chelant will also be com- 
bined with the aqueous phase. The complexes are 
preferentially partitioned into the organic phase and 
are thus separated from the contaminating materials 
which remain in the aqueous phase. The nucleic 
' acids may then be transferred back to a second 
1 aqueous phase by combining the organic phase with 
J water in the presence of an inorganic salt selected to 
displace the detergent cation. After separation of the 
1 organic phase, the second aqueous phase contain- 
. ing the nucleic acids may be used for conventional 
I hybridization testing. 



BNSDOCIO <EP 033PS91A3J.» 



Rank Xerox (UK) Business Services 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applieattaa No«*er 



Catecaiy 



DOCUMENTS CO NSIDERED TO RP^T ^f 



EP 89 10 7273 



•frcfcvaat 



ANALYTICAL BIOCHEMISTRY vol 103 19an 

ISa^F 2 ) 403 (FA - HEINRICH MACK 
* Page 3, line 10 - page 5, H ne 6 



P" A "° 226 254 ( FARMTGEA S. P. A. ) 
* Page 8, lines 7-22 * J 



NATURE vol. 199, no. 4890, 20 July 

d e o^!n 0 u r c f e h ? c 1 a S c 0 J d a ^- Hbo- and 
the whole document * 

METHODS IN ENZYMOLOGY vol. 12 part B 



repdlth * 8 keen **wn up for all dans 



BERLIN 



CATEGORY OF CITED DOCUMENTS " 



30-05-1991 




DE K0K A.J 



f : theory or prlodfle Mdertytag the laveation 



* of the same tateat f»mi]y, a 



Page 



European Patent 



EUROPEAN SEARCH REPORT 



EP 89 10 7273 



DOCUMENTS CONSIDERED TO BE RELEVANT 



D,A 



DE-A-1 927 433 (KURITA WATER 
INDUSTRIES LTD.) 

the whole document * 

EP-A-0 156 414 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPIJ B.V.) 
* the whole document * 

EP-A-0 261 956 (E.I. DU PONT DE 
NEMOURS AND COMPANY) 
the whole document * 

BIOCHIMICA ET BIOPHYSICA ACTA vol. 444, 
1976, pages 75-84, Amsterdam, NL; R.E. 
HURST et al.: "The partition of 
glycosaml noglycan-quaternary ammonl urn 
complexes. I. The effect of phase 
composition" 

the whole document * 



1-3,18, 
21,24, 
37,40 



1,4-10, 
24-29 



1,11,14 
16,18, 
24,30, 
33,35, 
37 



The present search report has been drawn op for all d 



Pltcaef hi 

BERLIN 



30-05-1991 



DE KOK A.J. 



CATEGORY OF CITED DOCUMENTS 

: partieolarty teterai 
: particularly relevu 
•ocaneol of the sa 



T : theory or prladpte oaderlytog tk 



t, hot pablished on, or 
ftllig date 

it dtcd in the application 



BNSDOTID <EP_. 03386° ia-» I :> 



